The species allied to Cyathea platylepis are recognized as a distinct group among Neotropical Cyathea, and are regarded as closest relatives to the few Paleotropical members of the genus in the strict sense. All species have slender trunks that shed old petioles cleanly, inermous petioles with relatively few, ovate-lanceolate brown scales, relatively strongly dissected (to tripinnate-pinnatifid) laminae, and proximally positioned sori with hemitelioid indusia. Most of the remaining Neotropical species referred to as the C. multiflora-group fall into two distinct groups. The group of Cyathea vilhelmii differs from the C. platylepis group chiefly in having dense petiolar scurf, and bicolorous or concolorous white petiole scales. These species occur at high elevations in the Andes and Central America. The group of Cyathea multiflora is heterogeneous in habit and laminar dissection but is characterized by a medial to marginal position of the sori and a preference of lower montane and lowland forests. It includes the species allied to C. multiflora and C. andina, as well as some species formerly regarded as belonging to Sphaeropteris. All groups may have to include species that either have different types of indusia or lack them in order to represent natural taxa. Five names have been reinstated in the course of this study and replace commonly used names: Cyathea austroamericana (= C. multiflora pro parte), C. boryana (= C. andina pro parte), C. leucolepismata (= C. amazonica), C. lindigii (= C. multiflora pro parte), C. traillii (= C. reginae), and C. vilhelmii (= C. heliophila). Cyathea vaupensis is recognized at species level. A new name is chosen for Cyathea panamensis = Cyathea rojasiana. Keys to all species are included.
Introduction
The scaly tree fern family Cyatheaceae comprises ca. 600 species distributed in the tropics and southern temperate regions . They display great ecological conservatism as most species are terrestrial plants of moist forests, and are intolerant to longer periods of drought or frost. Furthermore they show a greater provincialism and endemism than most fern groups (Tryon & Gastony 1975) . Together with their good fossil record dating back to the lower Cretaceous they would be great study objects for retracing the evolution of the whole tropical rain forest biome. However, a well-resolved taxonomy, which would be the basis for such studies, is still unavailable (Holttum & Tryon 1977) . pointed out that some Cyatheaceae from the western Pacific are more closely related to South American taxa than to any other group from the Old World. He further indicated that these species, which he named the Cyathea decurrens (Hook.) Copeland (1929: 356) -group, have great affinity to the species of the C. multiflora Smith (1793: 416) -group (Tryon 1976) , and among them especially to C. platylepis (Hook.) Domin (1929: 264) . Both groups are characterized by the presence of hemitelioid indusia and fronds with bipinnate-pinnatifid or stronger dissection, but these characters alone have been proven to define only artificial groups in the family.
Recent phylogenetic studies (Conant et al. 1995 , Korall et al. 2007 revealed that the Cyathea decurrensgroup (eight species) is sister to all Neotropical Cyathea in the strict sense (ca. 200 species), including the genera Trichipteris, Cnemidaria, Hymenophyllopsis, and Sphaeropteris subg. Sclephropteris (Windisch 1977 , Christenhusz et al. 2011 . While the sampling in the phylogenetic studies of Korall et al. (2006 Korall et al. ( , 2007 was sufficient for the C. decurrens-group as it included a third of the species and spanned the whole morphological variability of the group , the C. multiflora-group sensu Tryon was represented by only two species (C. multiflora, C. parvula (Jenm.) Domin (1929: 264) . Their distant position from each other among the Neotropical species of Cyathea further fomented the disutility of indusial characters for circumscribing natural groups. However, some natural groups, like the Cnemidaria-clade and the C. decurrens-group (Korall et al. 2007) , are marked by a predominance of hemitelioid indusiate species. This could mean that more natural groups may be found in this alliance on the basis of morphology if additional characters are considered.
In this paper I present a compendium of the species with an affinity to Cyathea decurrens sensu Holttum and C. multiflora sensu Tryon, and reorganize them in an attempt to outline natural groups. These include also species without hemitelioid indusia (i.e., indusia either of different types or lacking), which are mentioned and discussed shortly under the most similar species.
Materials and methods
Material of Neotropical Cyathea was studied at GOET, STU, and UC, including loans made available from all herbaria mentioned in the acknowledgments but chiefly from MO, NY, and US. Material of the C. decurrens group including most of the types was loaned from or studied directly in B, BM, and K. Special attention was drawn to the trunk morphology. This information was obtained either personally on field trips in South America and to New Guinea, or gathered from literature and the Internet for Central American and Paleotropical species.
Terms used here largely follow Lellinger (2002) . The following short glossary contains important terms that have been devised especially for the Cyatheaceae or that are equivocal because they have been used differently in previous studies.
Costa, although it translates as midrib or midvein, refers to the main axis of the pinna, and costule is the next higher order of axis that is branching from it, irreverent from the total degree of dissection of the whole lamina. Midvein refers to the main axis on the ultimate segments, and the lateral veins branching from it are just called veins.
The position of the sori between margins and midveins of the ultimate segments is traditionally defined by the terms marginal, medial, and costal. The last term is replaced here with the term proximal because of the abovementioned ambiguity of the stem word costa. The shape of the indusia is hemitelioid if they do not reach around the receptacles completely, as it is the case in all species studied here in detail. Windisch (1978) further distinguished between small, usually appressed ones (hemitelioid) and large, arching ones (flabellate), but this rarely adopted distinction is not followed here in favor of discrete measurements. All other types of indusia reach completely around the receptacles and vary in shape from disc-like (discoid) to shallow cups (meniscoid, cyatheoid) to deep urns (urceolate, subsphaeropteroid) to completely closed globes (sphaeropteroid).
Results
Four groups can be confidently defined based on morphology alone. The group of Cyathea decurrens contains at least eight species, which are strictly Paleotropical. The definition by is only amended here with trunk characters, which are given below. The group of Cyathea platylepis contains only two species from the Guayana Highlands. One of them, C. platylepis, is very close to C. robertsiana (F.v.Muell.) Domin (1929: 263) from Australia but differs in having densely scaly trunks at least at the apices; Cyathea robertsiana has caduceus scales only on the petioles. As in the C. decurrens-group, presence of scales and hairs on the laminae are subject to strong variation between the species. The group of Cyathea vilhelmii Domin (1929: 264) contains five species from high elevations (2000-3200 m) in Central America and the Andes, which are characterized by having dense petiole scurf and scales that are either strongly bicolorous or almost concolorous and white.
A peculiarity of these three groups is that the petioles are inermous, are shed early and cleanly, and do not form a tight fascicle around the trunk apices (Fig. 1) . Thus the crosiers of the next two or three generations of fronds are easily visible. The species further agree in having their sori proximal to subproximal to the midveins, and relatively small, mostly round frond scars that are remote from each other.
The group of Cyathea multiflora contains 25 species from lower elevations (0-2000 m, rarely higher) that are quite heterogenic but differ from the preceding groups in having medial to marginal sori and often aculeate petioles that are either persistent or at least not cleanly shed (Fig. 2) . This group may be roughly divided between the species allied to C. multiflora sensu stricto, which have more or less medial sori with predominantly small indusia and mostly coarsely serrate segment margins, and to the species allied to C. andina (H.Karst.) Domin (1929: 263) , which have supramedial to submarginal sori with mostly large indusia that split into equal halves at maturity and subentire to finely crenate or serrate margins.
Discussion
The distinction of the groups of C. decurrens, C. platylepis, C. vilhelmii, and C. multiflora based on morphology is clear and unambiguous. The split within the group of Cyathea multiflora, however, is not clear, as the example of C. boryana (Kuhn) Domin (1929: 263 ; subgroup of C. andina) and C. leucolepismata Alston (1958: 231; subgroup of C. multiflora) shows. Both show the same habit in the field, including relatively small size, erect to patent, weakly arching fronds, and pale, mostly stramineous petiole scales. While they can be easily distinguished (laminae hairy abaxially in C. leucolepismata vs. glabrous abaxially in C. boryana), the size of the indusia and the position of the sori are intermediate between the two subgroups. Cyathea boryana and C. leucolepismata are assigned to their respective subgroups based on the shape of the segment margins.
The same example nicely illustrates the affinity of the species with hemitelioid indusia to those with different indusial characters. Cyathea leucofolis Domin (1929: 263) from southeastern Brazil is an exindusiate species that can be easily mistaken for either C. boryana (Guianas) or C. leucolepismata (Andes). Due to its pubescence it resembles C. leucolepismata more than C. boryana, but its segment shape is divergent from both. Further examples in the group of C. multiflora are C. pinnula (Christ) Domin (1930: 148) with its reduced indusia, which resembles the exindusiate C. pilosissima (Baker 1874: 457) Domin (1929: 263) . In the group of C. vilhelmii, C. serpens (R.M.Tryon) Lehnert (2009: 50) and trunkless plants of C. ars Lehnert (2009: 48) and C. vilhelmii may resemble the exindusiate C. frigida (Karsten 1859: 61) Domin (1929: 263) , which is often found growing together with these species. Cyathea holdridgeana Nisman & L.D. Gómez (in Gómez 1971: 168) , on the other side, resembles C. moranii Lehnert (2006: 321) , which has sphaeropteroid indusia.
A noteworthy facet is the vegetative reproduction by means of lateral buds and shoots, which occurs in the groups of Cyathea decurrens (e.g., C. epaleata (Holttum) Holttum (1982: 386) , C. stokesii (E.Brown) Hallé & Florence (1986 [1987 : 157)) and C. multiflora (e.g., C. parvula, C. rufescens (Kuhn) Domin (1929: 264) ). Such asexual reproduction is widespread in the genus Alsophila and Paleotropical species of Sphaeropteris, but is rather uncommon in Cyathea. Species of the Cnemidaria clade (Korall et al. 2007 ) have prostrate rhizomes that may branch in the posterior parts with age. Similarly, Cyathea bipinnatifida (Baker 1874: 456) Domin (1929: 263) , C. microphylla (Klotzsch 1844: 541) Domin (1929: 263) and their respective allies have thin erect trunks that produce buds and new erect shoots once they have inclined or fallen down. Regular formation of buds and lateral shoots is further observed in the group of C. xenoxyla Lehnert (2003: 175) .
These species, C. planadae Arens & Smith (1998: 51) and C. xenoxyla, have aculeate petioles and sphaeropteroid indusia, but strongly resemble species of the C. decurrens-group in their trunk morphology. Otherwise lateral buds are formed in Cyathea only when the apex has been damaged or extirpated.
It can be concluded that Holttum's assumption about the relationships between the Paleotropical and Neotropical species of Cyathea sensu stricto is still valid and has been partially supported by recent phylogenetic studies (Korall et al. 2007) . The age and current distribution of the genus suggest a Gondwanacentered distribution in the past or a migration of the last common ancestor between South America and Australasia across Antarctica. It is curious in this context that all Neotropical species that bear resemblance to the C. decurrens-group occur in the north of South America and the Andes but not in southeastern Brazil, which was evidently a stepping stone for several south-temperate and circumantarctic taxa to the Andes (Collinson 2001) . Maybe species with closer affinities to the C. decurrens-group were once present in the Atlantic rain forests of Brazil and became extinct due to a period of unfavorable growing conditions (e.g., desiccation and lower average temperature during the glacial periods). However, this possibility seems low in the current presence of an abundant tropical fern flora in this region, which is characterized by a high percentage of endemics, including Cyatheaceae. Another possibility is that the Brazilian species close to C. decurrens and C. platylepis were outcompeted by invading species with similar ecological demands. Some species of Cyatheaceae belonging to widespread, mainly Andean-Mesoamerican species groups, are present in southeastern Brazil (e.g., Cyathea delgadii Sternberg (1820: 47), C. poeppigii (Hooker 1844 : 43) Domin (1929 , and species allied to C. armata (Swartz 1788: 134) Domin (1930: 32) and Sphaeropteris horrida (Liebmann 1849: 279) Tryon (1970: 200) ). Their absence from the Guayana Highlands indicates that they are not Gondwana relicts and probably have not originated in eastern Brazil but have colonized this area relatively recently. Because they are not directly competing, these invading species could not have led to the extinction of putative relict species belonging to the C. decurrens and C. platylepis groups in southeastern Brazil. The newcomers are mainly found in sunny, often disturbed habitats, whereas the species groups treated here prefer shady conditions.
A reconstruction of the timing of events that have led to the present pattern of diversity in Neotropical Cyatheaceae will only be possible if species of the Cyathea platylepis-group, which are the Neotropical group mophologically nearest to Paleotropical species of Cyathea, and a representative number of eastern Brazilian species are included in phylogenetic analyses.
Systematic treatment
Key to the species of the genus Cyathea (Tryon 1976 , Lehnert 2008 , 2009 
I. Group of Cyathea decurrens
Trunks to 8 m tall, slender, without old petiole bases, 3-10(-15) cm in diameter, sometimes with buds below the apex that grow into lateral branches (Cyathea epaleata, C. stokesii), apices not hidden in tight fascicles of petioles, epidermis often bright green when young, darkened with age to dark brown, with relatively large pneumathodes below the frond scars, without indument except for some large caduceus scales on the apices; petioles inermous, with caduceus scales, lacking scurf, petioles soon caduceus, leaving round to elliptic, well-spaced scars, fronds bipinnate-pinnatifid to quadripinnate-pinnatifid, pinnules linear-oblong with acute to caudate tips, fine indument lacking to abundant, with flat to bullate squamules and short white hairs, sori proximal to subproximal, indusia always present, hemitelioid, either small and appressed, or large and arching, paraphyses shorter to longer than sporangia. Spore morphology variable, exospore finely pitted or with large equatorial pores, perispore lacking, echinate or baculate.
Ecology and distribution:-Species of moist montane forests and ridge top vegetation, widespread but local in the islands of the western Pacific and in northeast Australia.
Remarks:-This group may contain more, yet undiscovered or unrecognized species.
Key to the species assumed that the species was described from "an immature plant, as it is very small." The type, however, was fertile and mature, and recent photographic evidence confirms that this species is genuinely small. Brown & Brown (1931) report that the lateral shoots of the trunks are cooked and eaten like potatoes by the locals.
II. Group of Cyathea platylepis
Trunks erect, 0.5-2.0(-4.0) m tall, slender, to 5 cm in diameter, shedding old fronds cleanly, without buds, with small to large pneumathodes below the frond scars, epidermis green to brown when young, darkened with age, apices not hidden in tight fascicles of petioles, petioles inermous or weakly verrucate, petiole scales ovate-lanceolate, concolorous brown, scurf absent or very weakly developed between the petiole scales, lamina bipinnate-pinnatifid to tripinnate-pinnatifid, dimorphic or monomorphic. Sori proximal to subproximal. Indusia relatively large, paraphyses shorter to longer than sporangia, spores with verrucate exospore and no or weak perispore.
Ecology and distribution:-Species of moist lower montane forests, restricted to the Guayana Highlands, where they occur on the slopes and foothills of tepuis (table mountains) .
Remarks:-The trunk morphology of this group was reconstructed from herbarium specimens only.
Key to the species (Fig. 3) , but trunks and petioles have persisting scales. Smith (1990: 253 
Cyathea praeceps

III. Group of Cyathea vilhelmii
Trunks 0.5-6 m tall, (3-)4-10 cm in diameter, or plants trunkless, trunks without old petiole bases, without buds, apices not hidden in tight fascicles of petioles, petioles inermous or sparsely verrucate basally, with dense grayish to white scurf consisting of matted dissected squamules and branched hairs, petiole scales blackish to brown with wide, white or grayish margins to completely white, laminae bipinnate-pinnatisect to tripinnate, pinnae subsessile to stalked, pinnules linear-lanceolate to triangular, sessile to stalked, the whole variation may occur in one plant, segment margins crenate to crenulate, sori proximal (receptacles may indeed be subproximal), indusia hemitelioid, hidden by sporangia in intact sori, paraphyses of the same length or weakly surpassing the sporangia. Spores with verrucate exospore, perispore weak or lacking. Remarks:-The scales of Cyathea arnecornelii have grayish margins and are present only scarcely on the upper trunks and petiole bases, giving the whole plant an unkempt, worn look. Lehnert (2009: 48) . Type:-ECUADOR. Zamora-Chinchipe: Nangaritza, Cordillera de Naguipa, Cerro Colorado, ridge 8 km SSE of Nambija, 20 km ESE of Zamora, 04°07'51"S, 78°46 '36"W, 2630 m, 20 February 2002 .
Ecology and distribution:-Five
Cyathea ars
Distribution and habitat:-Ecuador, open ridge top vegetation at 2575-2630 m.
Remarks:-The contrasting broad white margins of the shiny castaneous scales result in an attractive pattern on petioles and trunks.
13. Cyathea holdridgeana Nisman & L.D. Gómez (in Gómez 1971: 168) . Type:-COSTA RICA. Cartago: La Chonta, at km 55 of the Interamerican Highway, 2200 m, Nisman 104 (holotype CR n.v., isotypes F, GH). Cyathea albomarginata Moran (1991: 88) . Type:-COSTA RICA. Heredia: NW slope of Volcán Barva, between Laguna Barva and base of Cerros Las Marias, 2450-2800 m, Grayum 7469 (holotype MO, isotypes CR, UC). Distribution and habitat:-Costa Rica, Panama. 2200-2800 m, in wet montane forests, apparently mainly in the understory (Rojas 1999) .
Remarks:-Cyathea moranii from southern Ecuador is almost identical but has complete sphaeropteroid indusia instead of hemitelioid ones.
14. Cyathea serpens (R.M.Tryon) Lehnert (2009: 50) . Trichipteris serpens Tryon (1989: 126) . Type:-PERU. Cuzco: Prov. La Convención, Cordillera Vilcabamba, 73º32'S, 12º37'W, 2900 m, 10 July 1968, Dudley 10949 (holotype NA n.v., isotype GH).
Distribution and habitat:-Peru, in shrubby paramo and elfin forests at 2450-2800 m, trailing over adjacent vegetation and hanging from ledges and road cuts, in open sun.
Remarks:-Cyathea serpens is similar to trunkless plants of the exindusiate C. frigida (H.Karst.) Domin (1929: 263) . Domin (1929: 264) , nom. nov. for Hemitelia lechleri Mettenius (1859: 28 GH) . Distribution and habitat:-Colombia, Ecuador, Peru, Bolivia, in montane rain forest at 2200-2900 m, most frequent in the understory along ravines (quebradas).
Cyathea vilhelmii
Remarks:-The type material of Cyathea vilhelmii lacks petioles and represents a very luxuriant plant with deeply tripinnate-pinnatifid fronds. Most material of C. heliophila has only bipinnate-pinnatisect fronds, and a considerable geographical gap was thought to exist between the documented ranges of both species. Recent findings of C. heliophila east and west of the type locality of C. vilhelmii was convincing evidence that both are best treated under one name. Cyathea vilhelmii has either completely white scales on trunks and petioles bases or the scales have a small brown spot near the base, which cannot be seen due to the shinglelike arrangement of the scales. Consequently, the trunks are of a striking white color. Contrary to the other species of this group, the scales are also spreading instead of being appressed, which gives the whole plant a shaggy look.
IV. Group of Cyathea multiflora
Trunks 0.5-10.0 m tall, 4-15 cm in diameter (reports of 25-30 cm probably included the adventitious root mantle), or sometimes trunkless, trunks densely scaly at least toward the apices, with persistent old petiole bases or these not cleanly shed, without buds (except for C. parvula), apices hidden in tight fascicles of petioles (Fig. 2) , petioles inermous or with spines, scurf absent, or dense and consisting of matted branched hairs and dissected squamules, or sparse and consisting of distinct squamules, or sometimes replaced by spreading hairs, petiole scales blackish to brown or completely white, concolorous or with white to grayish margins, laminae bipinnate-pinnatifid to bipinnate-pinnatisect, apices gradually to abruptly reduced, pinnae subsessile to stalked, pinnules linear-lanceolate to oblanceolate, sessile to stalked, the entire variation may occur in one plant, segment margins crenate to crenulate, sori medial to submarginal, indusia hemitelioid, reaching 1/4 to 1/2 around the receptacles, small ones hidden by sporangia in intact sori, large ones often splitting into two equal lobes at maturity, paraphyses of the same length or much longer than the sporangia. Distribution and habitat:-Peru, San Martin, in mountain rainforest and ridge top vegetation between ca. 1200-1500 m.
Remarks:-Cyathea rufescens is easily recognized by its long triangular segments and easily detached scurf on the laminar axes. With C. macrocarpa, C. macrosora, C. traillii, and C. vaupensis, it shares a special type of narrowly triangular petiole scale, which has rectangular to hook-shaped basal lobes and narrow, fimbriate to ciliate margins.
Cyathea rufescens was long only known from the type collection in northern Peru. The type locality, Mt. Guayarapurina, is not marked on recent maps and most locals have only a faint idea where the mountain might be. In July 2002, M. Christenhusz managed to reach this locus classicus because Spruce's itinerary gives a fairly good description of its position, and he also collected several specimens of tree ferns there. What I first identified as C. rufescens among these collections, later turned out to be C. pilosissima (Baker) Domin (1929: 263) . In November 2011, I went to Mt. Guayrapurina myself and found Cyathea rufescens still in fair numbers (Fig. 2) . It occurs on slopes of mountains adjacent to a fertile plain, and the forest in which it grows evidently yields no valuable timber, so the species seems not directly threatened by human activity. However, the known range is very small and could be easily destroyed by one mayor fire incident. The conservation status of C. rufescens is therefore considered as "endangered" (EN B2a; IUCN 2001 ).
